Objective. To describe epidemiological trends in lacrimal gland malignancies in the United States. Study Design. Retrospective database review.
Results. Lymphoma (58.0%), adenoid cystic carcinoma (13.4%), adenocarcinoma (3.8%), and mucoepidermoid carcinoma (3.6%) accounted for most tumors. Lymphoma was associated with more favorable survival rates, while adenocarcinoma, adenoid cystic carcinoma, and mucoepidermoid carcinoma were associated with worse prognosis. There was a steady increase in the proportion of lymphoma diagnosed since 1973. In a multivariate Cox proportional hazards regression model, tumor histology remained as the only covariate correlated with disease-specific survival.
Conclusion. Patient characteristics and survival rates differ between lymphoma, adenoid cystic carcinoma, adenocarcinoma, and mucoepidermoid carcinoma. The proportion of lacrimal gland cancer diagnosed as lymphoma has steadily increased over time. Cox proportional hazards regression analysis demonstrated tumor histology as one of the most important factors in patient survival. These results augment our understanding of the expected disease course of lacrimal gland malignancies.
Keywords lacrimal malignancy, lacrimal gland, lacrimal tumor, lacrimal cancer, lacrimal lymphoma, adenoid cystic carcinoma, mucoepidermoid carcinoma L acrimal gland lesions are relatively rare, with an estimated incidence of 1.3/1,000,000 per year. 1 Shields et al 2 demonstrated that at least half of lacrimal lesions are inflammatory. Similarly, existing studies have described a Chinese population in which pleomorphic adenoma and inflammatory pseudo tumor accounted for more than half of the space-occupying lesions. 3 Malignant lacrimal gland tumors are even more rare, accounting for approximately one-quarter of all lacrimal gland lesions. 1 In a Danish population, the most common lacrimal gland cancer was malignant epithelial tumor, namely, adenoid cystic carcinoma, carcinoma ex pleomorphic adenoma, and mucoepidermoid carcinoma. The next most common malignancies were lymphoid tumors, secondary invading lesions, and metastases. 1 In terms of treatment, eye-sparing surgery has been shown to yield similar survival outcomes to orbital exenteration in carefully selected malignancies of the lacrimal apparatus. 4 An epidemiological survey of Japanese lacrimal fossa lesions demonstrated a difference in gender predisposition for pleomorphic adenoma and malignant epithelial tumors. 5 However, there is currently a paucity of epidemiological studies of lacrimal gland malignancies in large, diverse populations. This study aims to describe the trends in malignant tumors of the lacrimal gland in the United States for the past 37 years by using the Surveillance, Epidemiology, and End Results (SEER) program database.
Methods
All cases of malignant orbital tumors between 1973 and 2009 were selected from the SEER database, including all 18 registries. The SEER database is a population-based cancer registry that captures 18 distinct population groups in 198 counties in the United States. It represents approximately 26% of the overall US population and contains information on 7,262,696 cases of cancer diagnosed since 1973. 6 Permission to use these data for analysis was obtained from the National Cancer Institute SEER program. Institutional Review Board permission was not required for this study, as the data are anonymized and publicly available.
The data in this study were standardized according to schema-published second and third editions of the International Classification of Disease for Oncology. For the current study, the primary site was restricted to the lacrimal gland, defined as site code C69.5, which excludes the lacrimal sac and lacrimal duct by the SEER coding scheme. Specific details regarding radiation dose, fractionation schedules, and adjuvant chemotherapy were not available in the SEER database. Data were analyzed using the SEER*Stat Limited Use software (National Cancer Institute, Bethesda, Maryland), GraphPad Prism (GraphPad Software, Inc, La Jolla, California), and SPSS version 17.0 software (SPSS, Inc, Chicago, Illinois). Pathological tumor grade was reported for biopsy or resection specimen when available. Overall survival and disease-specific survival were the primary outcome measures. Survival curves were generated using the Kaplan-Meier method and compared using the Mantel-Cox log-rank test. Cox proportional hazards regression was performed to assess the impact of patient and tumor characteristics on survival. Significance was defined as P \ .05.
Results
A total of 702 patients comprising 702 distinct lacrimal gland malignancies were included in the study. The median followup time was 55.0 months (SD, 67.5 months). Table 1 summarizes the baseline patient demographics. The patient sample was 42.6% male and 57.4% female. The overall median patient age at diagnosis was 62 years (range, 4-101 years). The disease-specific and overall patient survival rates at 10-year follow-up were 71.5% and 50.1%, respectively. Radiation therapy was used in 53.5% of cases. For malignancies with adequate tumor staging data, the tumor stage was stage I in 26%, stage II in 22%, stage III in 3%, and stage IV in 49%. For cases with provided histological tumor grade, the tumor grade was grade 1 in 11%, grade 2 in 32%, grade 3 in 46%, and grade 4 in 10%. The lacrimal gland malignancy was the first documented cancer in 87.3% of patients.
The most common tumor histology was lymphoma (58.0%). Of the 407 tumors diagnosed as lymphoma, the median age of the patients was 63 years (range, 11-96 years). The patients were more commonly female (66.1%). The patients were typically Caucasian (85.0%). The median follow-up time was 62 months. The disease-specific and overall survival rates at 10-year follow-up were 79.1% and 55.1%, respectively. A longitudinal analysis reveals that the proportion of lacrimal gland tumors diagnosed as lymphoma is steadily increasing over time, with a most pronounced change from 1973 to 1990 ( Figure 1) .
The second most common malignant tumor was adenoid cystic carcinoma (13.4%). The median age at diagnosis was 50.5 years (range, 8-90 years). The patients were more often female (54.3%). The patients were predominantly Caucasian (70.2%). There was a small population of African American (18.1%) and Asian or Pacific Islander (11.7%) patients. The median follow-up time was 55 months. The disease-specific and overall survival rates at 10-year follow-up were 51.4% and 38.7%, respectively.
Adenocarcinoma accounted for 3.8% of malignant lacrimal tumors. The median age at diagnosis was 63 years (range, 26-101 years). Most patients (81%) were male. The vast majority of patients were Caucasian (85%). The median follow-up time was 47 months. The disease-specific and overall survival rates at 10-year follow-up were 51.4% and 27.7%, respectively. Mucoepidermoid carcinoma accounted for 3.6% of malignant lacrimal tumors. The median age at diagnosis was 61 years (range, 24-89 years). The patients were evenly distributed between men (48%) and women (52%). The patients were 64% Caucasian, 20% Asian or Pacific Islander, and 12% African American. The median follow-up time was 32 months. The disease-specific and overall survival rates at 10year follow-up were 78.6% and 40.3%, respectively.
Cox proportional hazards regression analysis was performed for all malignant lacrimal tumors with diseasespecific survival as the primary outcome. The following variables were entered into the analysis: race, histology, T stage (TNM staging), age at diagnosis, radiotherapy, gender, and tumor grade. The resulting model is presented in Table  2 . In summary, tumor histology was the only variable associated with disease-specific survival in this model. Notably, race, T stage, age at diagnosis, radiotherapy, gender, and tumor grade were not associated with disease-specific survival in this analysis. Figure 2 and Figure 3 depict patient overall and disease-specific survival curves by tumor histology, respectively. Table 3 summarizes the 10-year survival rates for the most common histological diagnoses. There was a significant difference in overall survival between histological diagnoses (P = .0005). Lymphoma demonstrated superior overall survival to adenoid cystic carcinoma (P = .0268; hazard ratio = 1.520; 95% confidence interval [CI; 1.049-2.201]) and adenocarcinoma (P \ .0001; hazard ratio = 3.787; 95% CI [1.951-7.350]). There was no difference in overall survival among adenocarcinoma, adenoid cystic carcinoma, and mucoepidermoid carcinoma (P = .1451). There was also no difference in overall survival between lymphoma and mucoepidermoid carcinoma (P = .2422; hazard ratio = 1.540; 95% CI [0.7470-3.173]).
Discussion
This study analyzes a vast population of lacrimal gland malignancies. The histological categorization correlates with previous studies describing a predominance of nonepithelial tumors of the lacrimal gland, contrary to traditional teaching. 2, 7 The median age at diagnosis was near 60 years for lymphoma, adenocarcinoma, and mucoepidermoid carcinoma. Adenoid cystic carcinoma was diagnosed slightly earlier, at approximately 50 years of age. Lymphoma and adenoid cystic carcinoma were diagnosed in all age groups, while the other histologies were typically diagnosed in adults. Patient ages at diagnosis were generally older than described in early studies. 8 The gender distribution was fairly equal between men and women for adenoid cystic carcinoma and mucoepidermoid carcinoma, while two-thirds of the lymphoma patients were female and most adenocarcinoma patients were male. Adenoid cystic carcinoma and mucoepidermoid carcinoma were diagnosed in a more racially diverse population than adenocarcinoma and lymphoma, which was predominantly found in Caucasian patients. Over time, there appears to be an increase in the proportion of malignant lacrimal tumors diagnosed as lymphoma. This observation may represent a local phenomenon in the orbit, as previously described in the Florida cancer registry by Margo and Mulla, 9 or may reflect an upward trend in systemic lymphoma. Alternatively, other factors such as increased utilization or diagnostic capability of imaging modalities may play a role. In addition, lacrimal gland lymphoma may account for a greater fraction of malignant lacrimal gland tumors than previously suspected. 10 The proportions of lymphoma and mucoepidermoid carcinoma were comparable with a large series by Shields et al, 11 but adenoid cystic carcinoma was much less common than lymphoma in our cohort. This discrepancy may be explained by referral patterns to tertiary care centers. The overall patient survival rates for malignant lacrimal tumors in the SEER database closely paralleled those reported by Skinner et al, 4 out to several decades of followup. Cox proportional hazards regression demonstrated that tumor histology was the only variable associated with disease-specific survival in this data set. Interestingly, characteristics such as age at diagnosis, tumor TNM T stage, and tumor grade were not associated with survival. Similarly, race, radiotherapy, and gender were not associated with survival. Of the histologies studied, adenocarcinoma, adenoid cystic carcinoma, and mucoepidermoid carcinoma were associated with the worst disease-specific survival rates. The prognosis was better for lymphoma.
The SEER database provides useful, well-validated cancer data. However, there are limitations to the available data, such as lack of specifics of radiotherapy or chemotherapy treatment protocols. In addition, while the intended coding scheme records tumors by primary site and not extension or metastasis, one cannot guarantee that some of the listed tumors were not extensions from surrounding tissues of the orbit or sinus, particularly for tumors such as squamous cell carcinoma. Since squamous cell carcinoma of the lacrimal gland is quite rare, many of these cases likely represent spread of sinus, orbit, or skin cancers and were thus excluded from the main survival analysis. Also, the histological diagnoses provided by the SEER database do not capture every histological variant and lymphoma subtype.
The current study offers longitudinal data on a vast, diverse population of malignant lacrimal tumors. This epidemiological data regarding patient demographics improves our knowledge of predisposed populations for these diagnoses. Differences in patient survival by tumor histology assist in patient counseling and treatment planning. Longitudinal statistics imply that there may be a gradual evolution in tumor histology, with a steady increase in the relative percentage of lymphoma over the past 4 decades. Cox proportional hazard regression suggests that patient age, T stage, and tumor grade, which are commonly associated with survival outcomes, may be less important than tumor histology for predicting disease-specific survival in lacrimal gland malignancies. These findings further our understanding of lacrimal gland cancer and the expected clinical course. 
